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Abstract 
In 2007, the U.S. Energy Independence and Security Act authorized the U.S. Geological Survey (USGS) to conduct a national 
assessment of geologic storage resources for anthropogenic carbon dioxide (CO2) and to evaluate the national technically 
recoverable hydrocarbon resources resulting from CO2 injection and storage through CO2-enhanced oil recovery (CO2-EOR). In 
addition, the USGS is addressing several other areas of carbon sequestration research that include study of natural CO2 and 
helium reservoirs as analogues for anthropogenic CO2 storage, the economics of CO2 storage and CO2-enhanced oil recovery, 
and induced seismicity associated with CO2 geologic storage. 
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1. Introduction 
The U.S. Geological Survey (USGS) has a long history of assessing national and global ground- and surface-
water resources and geologically-based energy and mineral resources. In 2007, the U.S. Energy Independence and 
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Security Act (EISA) [1] authorized the USGS to conduct a national assessment of geologic storage resources for 
anthropogenic carbon dioxide (CO2). From 2008 to 2013, the USGS developed an assessment methodology [2,3] 
and conducted a national storage assessment for CO2. The assessment results indicate that there is sufficient capacity 
in the United States to geologically store 3,000 gigatons of CO2 [4,5,6]. The EISA also requested USGS to evaluate 
the national technically recoverable hydrocarbon resources resulting from CO2 injection and storage through CO2-
enhanced oil recovery (CO2-EOR). 
The Helium Stewardship Act of 2013 (HSA) [7] directed the USGS to cooperate with the Bureau of Land 
Management (BLM) and State geological surveys, to assess the availability of recoverable natural helium (He) and 
associated CO2 found in natural gas reservoirs in the United States. The USGS plans to work with these agencies to 
build the necessary databases needed to assess natural He and CO2 resources. 
Research to build the framework needed to improve future assessments of the Nation’s geologic CO2 storage 
capacities as required by EISA will be conducted by the USGS Carbon Sequestration – Geologic Research and 
Assessments (CS-GRA) project. The USGS will build upon existing research to study natural CO2 reservoirs to 
understand the consequences of long-term storage of anthropogenic CO2, study the economics of CO2 storage, 
evaluate the storage potential of CO2 in unconventional reservoirs (primarily coal), and evaluate the potential for 
induced seismicity associated with geologic storage of CO2. The USGS will continue interactions with State and 
Federal agencies and international organizations in the area of geologic carbon sequestration. This USGS research 
will complement ongoing efforts in these organizations. 
2. Objectives 
During the next four years, the USGS will address the following six research and assessment topics. An outreach 
activity is also planned. The objectives of each topic are discussed below. 
2.1. Methodology development and assessment of national CO2 enhanced oil recovery and associated CO2 storage 
potential  
The USGS plans to develop an assessment methodology and conduct a national assessment of recoverable 
hydrocarbons associated with CO2 injection. A comprehensive reservoir engineering and geologic database has been 
developed that can be used to screen reservoirs for the applicability of miscible or immiscible CO2-EOR processes. 
The objective of the CO2-EOR research effort is to develop a geologic- and reservoir-engineering-based 
probabilistic assessment methodology that can be used to estimate the potential volumes of technically recoverable 
oil using CO2-EOR and associated CO2 sequestration in the onshore and State waters oil fields of the United States. 
After the methodology has undergone a rigorous scientific review by experts from industry, academia, and 
government, USGS plans to use the assessment methodology to conduct a national assessment of recoverable oil 
using CO2. The resulting storage of CO2 associated with enhanced oil recovery will also be assessed. 
2.2. Geological studies of reservoirs and seals in selected basins with high potential for CO2 storage  
The objective of this research effort is to re-evaluate selected regions of the country and selected storage 
assessment units (SAUs) identified during the 2013 national storage assessment [4,5,6] to better define the 
distribution of the geologic storage resources for CO2. Multiple sedimentary basins in the U.S. mid-continent are 
being investigated for their unique geopressure and geothermal gradients. Pressure and temperature vary with depth 
in the subsurface according to basin setting, tectonics, and depositional history. Because reservoir pressure directly 
impacts CO2 storage potential, regional models need to be developed to help understand the geologic controls on 
over- and under-pressure development in basins. Geochemical models are needed to better understand the character 
of ground water and the subsurface geochemical environments in selected SAUs, which in turn are critical in the 
assessment of the feasibility and potential environmental impacts of CO2 storage projects. 
Carbonate reservoirs make up approximately 25 percent of the SAUs identified by the USGS in the 2013 
storage assessment report [4,5,6], and are located throughout the United States in varying sizes and lithologic 
compositions. In many cases, these carbonate reservoirs are considered strong candidates for CO2 storage due to 
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their geographic location, depth below surface, high porosity and permeability, salinity, and seal integrity. However, 
differences in carbonate reservoirs can be significant, and the properties of these rocks can vary greatly, even within 
a single formation, due to differences in depositional environment, sedimentation, diagenetic processes and 
subsequent rock alterations. A better understanding of these carbonate reservoirs and their potential use for CO2 
storage is needed. 
2.3. Natural CO2 and helium resources and analogues for anthropogenic CO2 storage  
To address the EISA [1] and HSA [7] legislation, the primary objectives of this activity are: 1) to evaluate the 
geologic risks of long-term geologic storage of anthropogenic CO2, and 2) to work with BLM and State geological 
surveys to assess the He and CO2 resources of the nation. To evaluate the potential geologic risks associated with 
CO2 storage, the project plans to study natural gas reservoirs that contain high amounts (greater than 10 percent) of 
CO2. Samples of gas and produced water from wells producing gas from high-CO2 reservoirs will help to define the 
origin, migration history, and ultimate fate of natural CO2 and associated He. These field and laboratory studies will 
focus on the geochemical effects of natural CO2 on reservoir fluids, and the rate of CO2 dissolution into the reservoir 
formation waters. This research aims to determine the origin of CO2 that is in natural gas reservoirs by using 
geochemical and isotopic analyses of gas and reservoir rocks. Field and rock core investigations will help determine 
the extent and rate of CO2-enhanced diagenesis (mineralization, recrystallization, dissolution, bleaching) that has 
occurred in the reservoir rocks. Results of field and laboratory studies will be used to develop potential analogues 
for anthropogenic CO2 storage reservoirs. 
The second objective is to work with BLM and State geological surveys to evaluate the distribution of discovered 
natural He and CO2 resources in the United States. The BLM, State surveys, and USGS have geochemical databases 
that, if merged, would become the most comprehensive publicly available database to provide natural gas 
composition and isotopic information. This comprehensive gas geochemistry database would be maintained by 
USGS as part of the Energy Resources Program Energy Geochemistry Database Laboratory Information 
Management System, and could be used to evaluate the distribution of discovered natural He and CO2 resources in 
the United States.  
2.4. Economics of CO2 storage and enhanced oil recovery  
The USGS plans to evaluate the economic implications of the USGS national assessment results for CO2 storage 
resources [4,5,6] by using economic models of representative storage projects that incorporate geologic and 
engineering data. In addition, costs will be estimated for various activities, including site evaluation, CO2 injection, 
storage management, and other economic parameters that may influence the viability of a particular CO2 storage 
project. Activities will include collection of information required to apply the economic models in order to estimate 
costs and economic consequences of risks associated with CO2 storage. In addition, for an economic analysis of 
CO2-EOR and associated carbon storage, data will be collected to utilize published and constructed type curves to 
predict injection and production well performance. The CO2-EOR economic model will be used to evaluate the 
potential for additional economically extractable oil for assessed fields. 
2.5. Storage of CO2 in unconventional geologic reservoirs  
The objectives of this activity are to compile relevant information summarizing the state of knowledge 
concerning the use of coal beds and shale as potential reservoirs for the long-term storage of CO2. Initial products 
will include national maps showing the location and other available data (thickness for example) for deep (>300 m) 
coal beds and organic-rich shale that may be available for CO2 storage. Coal beds between 300 and 900 m deep may 
be available for enhanced gas production using injected CO2 and coal beds deeper than 900 m may be available for 
super-critical CO2 injection. As required by the EISA [1], the USGS plans to develop a preliminary methodology to 
evaluate the CO2 storage potential in coal beds. Any research initiatives to quantify the potential effects of CO2 
injection into organic-rich intervals will be coordinated with relevant State and Federal agencies as well as 
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international organizations. The USGS will also compile research and demonstration-project reports related to CO2 
storage in basaltic rocks. 
2.6. Induced seismicity associated with CO2 geologic storage 
The goal of this research effort is to better understand the physical processes responsible for induced seismicity 
associated with geologic sequestration of CO2, evaluate the associated hazards, and facilitate the communication of 
research results and related information between the USGS and other Federal and non-Federal research and 
regulatory organizations working on this issue. There are limited publicly available data that can be used to assess 
the seismic risks associated with CO2 injection; therefore, new seismic monitoring data are needed from areas with 
active CO2 injection projects. 
The primary focus of the induced seismicity research has been on the installation and operation of an independent 
USGS surface and borehole seismic monitoring network in Decatur, IL, where Archer Daniels Midland (ADM) 
operates a corn-ethanol fermentation facility from which a main co-product is CO2 [8]. The Decatur Project, whose 
major partners are the Department of Energy (DOE), the Illinois State Geological Survey (ISGS), ADM and 
Schlumberger Carbon Services, is injecting large quantities of CO2 into the lower Mount Simon Sandstone, a basal 
brine reservoir in the Illinois Basin at a depth of 2.1 km. There are strong reasons for initially focusing on Decatur. 
First, Decatur is the first (and, to date, only) site in the United States with high-volume CO2 injection into an 
undepleted saline reservoir. Because high-volume injection into undepleted reservoirs will increase pore fluid 
pressure above geological background levels, it increases the risk of inducing seismicity by causing slip along faults 
that are well-oriented for frictional failure. Second, the geologic setting at Decatur is a potential candidate for 
inducing seismicity along deep hidden faults, because the Mount Simon Sandstone rests directly on top of the 
Precambrian granite basement. Third, the Decatur region has the potential to host future, large-scale carbon capture 
and storage (CCS) projects. 
The USGS also plans to install a second seismic network around the injection site for the FutureGen 2.0 project, 
located about 100 km west of Decatur. FutureGen will also be injecting into the Mount Simon Sandstone, but closer 
to the edge of the Illinois Basin and, hence, at a depth of only 1.2 km. FutureGen 2.0 will be injecting at the same 
rates as the second phase of Decatur (i.e., about 3000 tonnes/day), but using a very different well configuration: four 
extended-reach horizontal wells emanating from a single well pad. Thus, the pore pressure perturbations and hence 
the seismic consequences of sustained CO2 injection at the FutureGen and Decatur sites could differ markedly. Data 
collected from the USGS seismic monitoring installations at Decatur and FutureGen will be used to interpret the 
broader potential seismic hazard associated with geologic CO2 sequestration in the Illinois Basin and in similar 
geologic settings. 
2.7. Outreach 
The objectives of the USGS CS-GRA project outreach task are to work effectively with USGS and external 
organizations to communicate the findings of our research and to coordinate with other research groups within the 
USGS and outside organizations to address issues related to geologic carbon sequestration. Avenues of 
communication must be established to provide information to State and Federal agencies and international 
organizations active in the area of geologic carbon sequestration, the larger scientific community, Congressional and 
State policy makers, and the general public. 
3. Summary 
Following the national assessment of geologic storage resources for anthropogenic CO2 [4,5,6], the USGS CS-
GRA project plans to evaluate the national technically recoverable hydrocarbon resources resulting from CO2 
injection and storage through CO2-EOR. In addition, the project is addressing several other areas of carbon 
sequestration research that include study of natural CO2 and helium reservoirs as analogues for anthropogenic CO2 
storage, the economics of CO2 storage and CO2-EOR, and induced seismicity associated with CO2 geologic storage. 
Multiple reports are planned that will discuss the findings of this research. 
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Carbon storage research at the USGS will help to build the knowledge framework needed to improve future 
assessments of U.S. geologic storage capacities for anthropogenic CO2. Continued and new interactions and 
collaborations with State and Federal agencies, industry, and international organizations that conduct research or are 
active in the area of geologic carbon sequestration will complement ongoing research efforts in the USGS. 
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